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PREFACE 


This report, prepared by the U.S. Department of Energy, Bartlesville 
Energy Technology Center for the U.S. Department of Transportation, 
Transportation Systems Center, Energy Technology Branch, Cambridge, MA, 
presents results of experimental work to obtain information on performance 
characteristics of an engine used in automobiles sold in the United States. 
The Chevrolet 200 CID engine used in this work is one of a series of 15 
engines to be tested in the current program. This is the fifth of the 
reports to be published covering work with those engines. 


This project is funded by the National Highway Traffic Safety 
Administration, Office of Research and Development, Office of Passenger 
Vehicle Research, Technology Assessment Division. 


James A. Kidd, Jr. and Ralph G. Colello of the U.S. Department of 
Transportation, Transportation Systems Center, are the technical 
monitors. 
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1. INTRODUCTION 


The objective of this program is to obtain engine performance data 
for estimating fuel economy and emissions for varied engine service and 
duty. The intent of this work done at Bartlesville Energy Technology 
Center is to provide basic engine characteristic data required as input 
for engineering calculations of fuel consumption and emissions involving 
ground transportation. 


The data acquired from tests of a 1978 Chevrolet 200 CID engine are 
presented in this report. The engine as equipped is intended for use in 
a forty-nine state (Federal) vehicle with automatic transmission. 
Chevrolet uses the 200 CID engine in vehicles in the 3,500 1b weight 
class. The test results are sufficient to establish steady-state maps 
for fuel consumption and emissions (carbon monoxide, unburned hydro- 
carbons, and oxides of nitrogen) over the entire operating range of the 
engine. 


2.) ENGINE TES RERORT 


The engine test set-up included a complete mean-tolerance engine 
(SAE definition) coupled to an eddy-current dynamometer. A cooling tower 
was used in place of the fan and radiator. The alternator was included 
but was not wired into the engine's electrical system. Emission control 
systems included exhaust-gas-recirculation, positive crankcase venti- 
lation, early fuel evaporation, and an oxidation catalyst. The manu- 
facturer's engine specifications are listed in Table 1. 


Prior to testing, engine break-in consisted of 40 hours of 
operation at various speeds and loads representative of normal engine 
operation. Table 2 contains details of the break-in schedule. A 
single batch of unleaded regular grade gasoline was used throughout 
the break-in and tests; a detailed fuel analysis is given in Table 3. 
Engine tests began on March 15, 1978, and ended on March 30, 1978. 
During steady-state tests, the engine was operated at the following 
speed/load modes: 


Speeds, (1,000!) 153003, 157005 2. 000k) 25400352 =S00: 73/5300); 
3,800 rpm 


Loadsi: > Of 110.725.5405 160,975, 90), 100s pet og fullilioad 
(0, 10, 25, 60, and 75 pct points were repeated at 
all engine speeds) 


Idle speed/load modes: 750 rpm -- 0, 10, 15 Ib-ft 
650 rpm -- 15 Ib-ft 


Over speed point: 4,000 rpm -- 134 Ib-ft (WOT) 


Tota li numberof tesitumodes oa. eteeie sto 69 
Total numberof “repeatsiy. scraemvccrrn srs ores iene 49 
Total numbervoh ctests.. sac Srereton 118 


The following data were recorded for each test point: 


Test number 

Date 

Barometric pressure, mm Hg 
Dew point, °F 

Inlet air temperature, °F 


Speed, rpm 
Torque, lb-ft -- Daytronics strain gauge load cell 
Fuel rate, lb/hr -- Fluidyne positive displacement fuel flow meter 


Ignition timing, °BIC 


Manifold vacuum, in. Hg 

Throttle angle, degrees 

CO, pet -- Beckman NDIR 

C05, pet -- Beckman NDIR 

O05, pct -- Beckman polarographic detector ~ 

He. ppmC -- Custom-built heated flame ionization detector 

NOx, ppm -- Thermo-Electron chemiluminescent detector 

Oil temperature, °F 

Oil pressure, psig 

Coolant temperature, °F 

Exhaust temperature, °F 

Exhaust pressure, in. H50 

Intake manifold Fenoeractire: oF 

Exhaust-gas-recirculation rate as determined by the intake 
manifold, CO, 


. The following equations were used in calculating power, air/fuel 
ratio, absolute humidity, and mass emission rates of carbon monoxide 
(CO), unburned hydrocarbons (HC), and oxides of nitrogen (NO,): 


1. Partial pressure of water vapor in intake air (millimeters 
of mercury); 


is 1398. | 
Pp = exp par = UPS 
wnere D = Dew point, °F 


2. Absolute humidity (arains moisture per pound dry air): 


4 = 4347.8(P) 
| Bie 


where B = Barometric pressure, mm Hg 


| 3. Humidity correction factor (dimensionless): 


| K = ] 
ts TeSron0047 (HES 75) 
Note: This factor is used to correct the NOx mass emission 


rate to a standard humidity of 75 grains moisture per 
pound dry air. 


4. 


Stoichiometric air/fuel ratio (dimensionless): 


Xx 
fe 2 ONG & ey) 


; MW ye] 
where x = hydrogen-carbon ratio of fuel 
y = oxygen-carbon ratio of fuel 
Mllfuel = fuel molecular weight per carbon atom 


12.01115 + 1.00797x + 16.00000y 


Hydrogen concentration in raw exhaust (percent): 


ue. XICO) (CO 60 
2 ~ “2(CO + 3C0> 

where CO = Carbon monoxide concentration (percent) 
C09 = Carbon dioxide concentration (percent) 


Note: This equation assumes a water-gas shift equilibrium constant 


(CO)(H,0) _ 
CoG 


Correction factor for emission concentrations from wet basis 
to dry basis (dimensionless): 


“— (5)(CO + CO) - Hp 
Cay T00 


Note: In these tests only HC is measured on a wet basis. 
All other species are measured on a dry basis. 


Air/Fuel ratio (dimensionless): 


NO 
x 
AF, | (14 5 = y) (CO) + (2 +5 - y\(COp) + 2(07)) + amen 
AF = ————— |—_4&_______ 
X HC 
2k ona ey CO + COp + Cy (yqr) 
wnere O95 = oxygen concentration (percent) 


110, 
HC 


oxides of nitrogen (ppm) 
unburned hydrocarbon concentration (ppmC) 


10}. 


Lil 


Exhaust flow (pounds per hour): 


Mey = Me(1 + AF) 


where Mr = fuel flow rate (pounds per hour) 


Carbon monoxide mass emission rate (grams per hour): 


MWc9 (co) ) 
Meet lasso il : 453.59237 
Mire TCO + Wy + C,,(ZHC) 


MWco = molecular weight of CO (28.01115) 

MWe = molecular weight of fuel (12.01115 + 
1.00797x + 16.00000y ) 

fuel rate in Ibs/hour 


MN 
HC( ppm) /10" 


*HC 


"oT 


Unburned hydrocarbon mass emission rate (grams per hour): 


we» (He) | (zac) (Hr) Gu) (asses 


Wie |  |%CO + ZCOp + C,(@HC) 


MWuc¢ = molecular weight of hydrocarbon 
=alli2-O11NS +. 100797x9%) 16°00000y 


Oxides of nitrogen mass emission rate (grams per hour): 


MNO, NOx + Mp ? 
MNOx = \ "Hig ZCO + %CO + C,(ZHC) id iad 
Mio, = molecular weight of NOz = 46.0055 


Power (brake horsepower corrected to a standard barometric 
pressure of 736.6 mm Hg and a standard temperature of 85° F): 


«(ahs ie as ies , {t_+ 460 

Beye, ils) B -P 545 
where engine speed (revolutions per minute) 

brake torque (lb-ft) 

air temperature (°F) 

barometric pressure (mm Hg) 

partial pressure of water vapor in intake 

air (mm Hg) 


N 
- 
t 
B 
P 


32) UDUSCUSSTON OR TESIGRESUETS 


Maximum corrected brake horsepower, maximum torque, and brake 
specific fuel consumption (bsfc) are plotted as a function of engine 
speed at wide-open-throttle (WOT) (Figure 1). The maximum brake 
horsepower produced by the engine exceeded the value quoted in Table 
1. The maximum torque produced exceeded the value quoted in Table 1 
but was produced at a slightly lower speed. Fuel rates were found 
to be nearly a linear function of power for most engine speeds (Figure 
2). Fuel rates were repeatable for all speeds duplicated. 


Air-fuel ratios are plotted as a function of power for all 
engine speeds (Figure 3). The air-fuel ratios were repeatable for 
all engine speeds. Some minor deviation in the air-fuel ratios was 
observed at no-load operating conditions; this is typical for light 
load operation. 


Emissions of carbon monoxide (CO), hydrocarbon (HC), and oxides 
of nitrogen (NO,) are plotted as a function of power for all engine 
speeds (Figures 4, 5, 6). Emissions of CO and HC were effectively 
reduced to low levels by the oxidation catalyst at all speed/load 
modes except those at WOT operation. Due to enriched fuel operation 
at WOT, a lack of available oxygen to support the oxidation process 
causes the catalyst to be ineffective. Emissions of NO, tended to 
peak at approximately 90 percent of maximum power at each speed and 
were repeatable for all speeds duplicated. 


4. CONCLUSIONS 


The experimental work to obtain entine performance data for a 
1978 Chevrolet 200 CID engine has been completed, and these data are 
presented in the tables accompanying this report. 


TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS 


Displacement; cubic inches so. ce seen enna ee 200 


Maximum horsepower, bhip: @3),c00) “pmiacecaceme cee 95 
Maximum: torque. iilib=itie: (Ch 22 OOOM rpmitgecva. ocr eae ees 160 
Bore. and: strokes inches ce occ em eee cae 3.5 - 3.48 
CONFI GUPATTON eS OSs eee te ee eee eee er cee anea eet reas V-6 
Compressioningatton oer ee ee AMO aera nie eee sieve SAR | 
FEY TING) ORdOR GS ores Sie et. ohn eae Re aeeeertiees ]-6-5-4-3-2 
Ignition timing at idle speed, °BTDC @ 600 rpm.... 8 
Blocks maiber Tia'l seis. 27g A iaeite eae Skllbeaniiie Wasa seller ee cast alloy iron 
Head material. wemk ee ecleter a Ran Rie dorama mutgan, cast alloy iron 
Number of crankshaft main bearings.........00..+... 4 
Number ro COMPEESSTONMRINGS)/ DIS CON er rerris cee ee 2 
Number “Oj Oneli eiinGS//pitSiGONmeeree re ena creror ene serene ] 
Came@rt Vie: Cypeiis.... sicue: Heeeseeke sheep eee «cae nue es chain 
Valve lift: 
LEAKS MAN EMNES Cs ehieve se eta wrt Weateue canal eualemat eee 02373 
Exhaus. Gor MCNeS Ge wie ee saci ey derlauniay are ecmieeen eu aae 0.410 
Valve timing: 
Intake: @penSisnec BMC wees hese ce eentelevade cee hose 34 
Intakeeloses.,cABG. hee ee ple Re eames 86 
Exhaust. openSisw (BBG nutes Sr wee che arp 88 
Exhaustcliosesy BAT CR Ma tea. Bye He ial a 52 
Spark, plugeigapsy iincheSkr cea Aerie tee ce ecieteene carrera: 0.045 
Engi mer weights 7ilibs san) Segoe Rete he oe eee ae A415 
Exhaust-gas-recirculation system: 
CMI (CRN 0] stn a eam yet be Sc ey cts neem or eae vacuum modulated 
Conmibrorlsaignialli evecare eeh ne ers at amps section ieicelich neem euarae carburetor vacuum 
POTINEOT GiuS Charges? tecryy seule acre «rate eames intake manifold 
Crankcase emission control: 
CONLVONMMEENOG: 27K areata serena tsteee tas positive crankcase 
ventilation 
Point tof <ditiSChanGes tit sens ace ences tesnuere eres intake manifold 
Carburetor Gy Pers aye Ca kts woven re ican rae ia as vac kere names 2V downdraft 


Distributor specifications :* 
Centrifugal advance, begins, ° @ 1,000 rpm... 0 
Centrifugal advance, intermediate, 


begeel Cga Wore? eo] Ue Menta oti NAc ae emer ieret tage Red ies 10 
Centrigugal advance, full, ° @ 2,800 rpm..... 20 
Vacuum) advance. begins. -.@ Sonine HG ce. ees 0 
Vacuum advance, maximum, ° @ 6.5 in. Hg...... 16 

Carburetor MUMBO ins ece uterine eherce tries celaneterovetee ree 17058132 
EGR “Wal V@.anUMDO Vins aeicmaoete ears nears etree s cx )oie cenit aun wanes 17056722 
DiSEFVTDUEOR Number kc Vere lene asreral manera eat 1110696 


ee 


*Engine rpm, Crankshaft degrees. 


TABLE 2. ENGINE BREAK-IN SCHEDULE 


Simulated vehicle] Engine speed, |. Intake manifold Fraction of time 
Speed, mph rpm vacuum, in. Hg in mode 


Mileage per cycle = 90. 
Total mileage simulated over 40 hours break-in period = 1,440. 


TABLE 3. FUEL ANALYSIS 


Motor octane Now: vas icitvertein or eeetoreneworane rs 
SPECI RIG Gravahye hs cote cn. eee ere cee 
API gravity; degrees... hasnc . ..taamuates cc: 


Distillation, °F: 
10?pet evaporatedi tie wit ee aaa 
90 pct Sah alte eee Mae Rarear es Mtns 
90 pct Pa 8 oh hale 2 ic eee een ees 
100 pct ERAT Toe HE a aoa peee 


Reiidsvapor PReSSUrE.VPSilss. eens 


FIA analysis, pct: 
AROMATIC Sa toscis ee a ence amare a ara 
ONGTINS 2 oe Me ce Sete Sak ae 


SuRui ay DEL. Chainer ar seni ckcos ie ae 
Headeqnamsa per dalvonee series sore: 
Hydrogen/carbon atomic ratios. ...5-.. 


}} 


] 


100 


= 80 
uJ 
< 
= 60 
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uJ 
K 40 
uJ 
fag 
fag 
S 20 
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160 
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| 52 
: es 
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FIGURE 1. Brake Specific Fuel Consumption, Torque, and 
Brake tlorsepower Versus Engine rpm at Wide- 
Open-Throttle--Chevrolet 200 CID Engine. 
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Fuel Rate Versus Power at Various Speed and 


Load Conditions--Chevrolet 200 CID Engine. 
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AIR-FUEL RATIO 


AIR-FUEL RATIO 
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FIGURE 3. Air Fuel Ratio Versus Power at Various Speed 


and Load Conditions--Chevrolet 200 CID Engine. 
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CARBON MONOXIDE, grams/hour 


CARBON MONOXIDE, grams/hour 
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FIGURE 4. 


2,800 rpm 


32 40 48 15 30 45 60 75 90 


3,000 


2,000 


40 50 60 20 40 60 80 100 120 


3,800 rpm 


48 60 72 20 40 60 80 100 =120 
POWER, bhp 


Carbon Monoxide Emissions Versus Power at 
Various Speed and Load Conditions -- 
Chevrolet 200 CID Engine. 


HYDROCARBON, grams/hour 


HYDROCARBON, grams/hour 
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Hydrocarbon Emissions Versus Power at Various 
Speed and Load Conditions--Chevrolet 200 CID 
Engine. 
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OXIDES OF NITROGEN, grams/hour 


OXIDES OF NITROGEN, grams/hour 
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FIGURE 6. 
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Oxides of Nitrogen Emissions Versus Power at 
Various Speed and Load Conditions--Chevrolet 
200 CID Engine. 
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